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Abstract of JP8018161 

PURPOSE:To obtain ll-VI compound semiconductor laser in which the lifetime can be prolonged by retarding the 
proliferation rate of crystal defect. CONSTITUTION :The ll-VI compound semiconductor light emission element has 
an active layer of quantum well structure comprising first and second clad layers of ZnzMg1-xSySe1-y (0<x<1, 
0<y<1) based compound semiconductor formed on a substrate, a quantum well layer of at least one ZnACdl- 
ASBSe1-B (0<A<1 , 0<=B<1) formed between the first and second clad layers while strained compressively with 
respect to the substrate, and a barrier layer of at least one ZnSzSe1-z (0<z<1) strained tensilely with respect to the 
substrate. 
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(54) 1 1 -vi ^emzmftw&r? 



(57) [WKlJ 

IMA) H-VI»{fc*«i|M»««jfc*^-liJ:6»S± 
OZm Mgi-i Sy Sei-y (0<x<l, 0<y< 

Si, i^?>Sll*3j:t/» 2 0^5s/ KSI«lc*j*3;h, 
t'><C<itlICZn» Cdi-» SB Sei-B (0< 
A<1, 0SB<1) KiSg^l-ttLTlBlfcS^fcT^r 
t St^Fi t < H 1 MO Z n S. Se 
■ <0<z<i) lriSSffiic*fUT§|o3it)2i*-Sr 

*i- s tegs tizxz m+xwrnmnfttemw tzn-r 



Sffi±^ZriK Mgi.« S y Se 
i-y (0<x<l, 0<y< 1) X<t&%)¥mfr£*)te 
?>Ili3Wl20^7y KB t , 
±f5SSl:fcJ:tfM2 0*7:y KBFfl^ ^<Hli 
<OZnA Cdi-A SeSei-B (0<A<1, 0£B< 
1) \z£Z±&mm\zttLXfcffi&fri:ttZ>&*$rW 
B£s 

'>^<irt)lI^ZnSz Sei-z (0<z<l) 

[»*3JT2] n#l (nttlB±Oil!») ^±iSS: 
^#FB^ffi«2*£wi:n#@ (nlll^±0§^ 
ft) ©±E*«»<D9lo*9fi*£B iK:J:S±fi** 

j = t» / tB =- { E A awn/as X Lwn ( / IS A 

a Bn/ as X LBn } 

(LiB'.nflOt^FlOSJ, LBn : n#@ 
^B<Oi¥£ 

Aawn/as : nt@Oi^PgOlffit(Ott^8 
fi 

AaBn/as : n# S OBSB^StR t ^tt^TS&fi) 

iwkms] ±ei*#Fi*j»*>d>*< fc t±iaws 

[gf*«4 ] ±f5gjKteG a A s J: 9 * D , 
±EIUMM±« ZnSz Sei-z (0. 06<z<l) 

[»*35 5] -LiEft^FBtt.ZnA Cdi-n Se 
(0<A<1) «fc 5 t^4#ati-5»*«4lwfS 
1 1 -V I 8Hb«tt4M*ft*%*?- 0 

[0 0 0 1] 

ttS«^ZnMg S S e ct 0 1 *3 JltfSS 2 <D* 9 

[0 0 0 2] 

fi**^#F*:JB^fc¥»*u- 

**-7-#F*tf^fc¥»«:t — UTtis f 1 1 — V »S 
^^m»^-^<D % 6 0 0 nm«rOft*03t4r»*i-5 
A 1 G a I n P*^^#^U— if , 1 /* m^OjS^rO^ 
**tt5InGaAs*0*«ftl/-f, 1. 3- 
1 . 5 M m*£<Dfcft<^}fc£:$§£1-5 I n G a A s P^CO 

[0 0 0 3] C^****#F*W-#tt*fi**-?* 



(2) #i?8-1816 1 

2 

Ftt, BE»KJ:Sa*i:Slo«9K:J:6fi*i:«)2«<0 
a«**>9* -HBKrt r^S^S^FSr^S^^^ 

[0004] Z<D 1 1 1 — V &m{b£4fc**# W-iftwO 

(1993) §S134 H-mi3B M(w x 5l«Xlw iot L# l> 
ffi««Etf>©SMb, ftffi^itan, iK%gffl<NM£<0V4±» T 

[0 0 0 5] ^:UT. 1 1 1 — V 18k<n InGaAsP^ 

#»*-f#F«a*»#^--iPfcasv^T, ^o#it^ 

*«»«i-6J:5lCLfcu— J 1 *^ Applied Physics Le 
tters Vol. 58, No. 18,6 May 1991 »1952H-»1954HH 

[0 0 0 6] L**U ±*-Ufc3tHtte*6ttS.J:5^ 

[0 0 0 7) t4fe*>, «jttfJCJB4«l*«. ^57^, 
19^ (1988) §11349 (67) Jlo>ffi&&t: tHrttX 1 S: 

4«rttfcif\ reditu ll-VIRtt8W*[fc^M'* s 
30 - ds*»tt 9 /h S t ^ t 5> SJw J: 5 JRfej&sfHg t 

[0 0 0 8] *4^Ltftt»8t5ZnCd S 

e Srffi^S^F, Z n S S e ^tfj:Zn S e £r#-f K 
B* Z nM g S S e 7 y K«tt5 S CH**: J: 
SI l-Vlifi{b*4fc**fleu— iT^jSDfeixTi^o Gaines 
bOApplied Physics Letters Vol.62 No. 20 1993 \z 
«U ZnCdSe/ZnSSe/ZnMgSSel:j:5 

s c Hm»<o 1 1 -viawt***** ^-f©Mw/« 

40 [0 0 0 9] I toh£><£> Japanese Journal of Appl 

ied Physics Vol.33 No.7A 1994 Izn, ZnCdSe/ 
ZnSe/ZnMgSS el:i5SCH*»OiW*l/ 

es<b23 J:tf ltoh?>0 S CHffitC J: S 1 1 -VIBeft^** 
l — if fii >r ft fc m-*^#Ffw J: 5 Sttff*^^ 

[0 0 10] Xie *b tOApp I i ed Physics Letters 

Vol. 60 No. 20 1992 \Zt± % Z n C d S e I^t^^Pt 

^znsse mmmiz x s#ss^#Fco^ffl*s 
50 Sr^r-rs«3fe^-<^— kj&^sjxtvn*. cim z 



-2- 



3 

n S S e mmm<D Sm&te 7 %T*> 9, G a A s X 9 ft 
[0011] 

(Guha<b<D Applied Physics 
Letters Vol.63 No. 23 1993) 0 

[0012] *»woa»tt.- ies^te^ii«e£gs:fl3 

[0 0 13] 

[MB ZMte-t ZtiVXD^m *«WiIJ:5ll-Vl^b 
^tftSftffia^SffiiiOZn: MglM Sy 
Sei-y (0<x<l, 0<y < 1) Xft£>tt¥tti*J: 

^$20^75/ K«llBfc»rtiFJxfcd>ft< HH^z 

n* Cdt-A Sb Sei-B (0<A<1, 0^B<1) 
< £ t> 1B<E»Z n Sz Sei-i (0<z<l) JC«i:5g 

[0 0 14] 

[fWB] ±JC^*«M»j«liJ:<xtf, ft*#F*J8<&& 
X, 4>&< Hi M<OZ n* C di-A Sb S ei-B \ZX 
HliOZnSz Sei-z lwJ:-5Sffi^MLT5lo5S 

•9 & *rr 5 kss t x z> m+jtwrnmomtemm 

[0 0 15] 

^^B^fl, lffi±l:Zn» Mgi-x Sy Se 

i-y (o<x<i, o< y < i) mk&m*mw±y>t£ 

£SBl i3J:tfSS2^7:y KBfc, JBl*5J:t«B2(&* 
7* KJiW^**Sixfc/^tt< i:t>lB<7>ZnA Cd 
i-A Sb Sei-B (0<A<1, 0^B<1) lc£5_b 

UiOZnSz Sei-z (0<2<1) irj:5±f2S 
tS I - M L T 5 1 o 3£ 9 £r m iT Z> R Sff £ I- J: -5 ft * * 

[00 16] ^LT, n#@ (nliia±0§ft») O 
ft*#FB*>EE*ffi* c i ^n#l (nttia±(D6jR 
K) <£«MB<£>§lo3I9M^£B &KJ:5TIB «l) 



(3) 8 16 1 

[0 0 17] 

[?&l] £ = /sb = - (lAaim/as XLwn} 
/ (I A aBn/as X LBn } 

[0 0 18] fcfc'U (Sfcl) tw^^T, Lwnf*n#g 
Oft^#FB<DJ¥£, LBnttn#S<DWSB*>J?S, A 
ann/as finSiOj^ffFB^aK^ft^S 
S, A aen/as fi n # § <OR^B<7>g;E t^te^FS 

70 [0019] ±jfio*T-#F«Jto*ft < t ±>mmm 

[0 0 2 0] :Oii,fHtt, ZnSz Se 
i-z (0. 06<z<l) t U#5o 

[0 0 2 1] ft^FBttZ n* Cdi-A Se (0<A 
< 1) t U#5 0 

[0 0 2 2] HB4r#fiBLT*»MI-J:S*W(M536* 
— ifo— M1&fflV&>Z>DHMig (Double Hetero struct 

1 1, *^*F«5tlcj:Sfitt«*3, »2^7^K 
[G 0 2 3] 3^^hi4(:ii> MliPd, Pt, 

An <n&mm&\c x 5 p mm& s \z&&m 

[0 0 2 4] S£ 1 tt, itfe«J««T% igiitfe(w«tL3t 
30 #Jx_flf nl!<DG a A s Sfij&sjB 1^6*1,5. v<y77^2 
tt. ^^.(fi t /^fi 1 1 n IOG a A s »I 

[0 0 2 5] mi&£&m2Cr>*7y KB 1 l*S£tfl 
2fi, ttif^nI*i«J:tJ t pS02nii Mgi-x Sy S 
ei-y (0<x<l, 0<y<l) |;:J:oT*ja£*L 
5o =*V*^ hJ|4fl« plhOZnTeWBti p 

SiOZ n S effigy <0tt 9 igUXB4*££ U*#£ 0 
[0 0 2 6] #l*3j:t«B2<D*7:y KB 1 l*3<ttFl 
2«l^ft-T-#F«itlwJ:5ettH«3f4 v m2\ZZ<D& 
40 ft&WmffimmZTF'T & 0 Zn* Cdi-A Sb Se 
i-B (0<A<1, 0^B<1) {CJ:5£EJ8S**^ 
Fl3WtZnSz Sei-z (0<z<l) (Cct6?lo 
31 9 ^^Rg 3 B t \z X 5 #Sft^#F»5g -T 5o 

[0 0 2 7] r<Oft^#FB3W<0ffiffiS**tt, Zn 
a Cdi-A Sb Sei-B t^Cdft^J:l9. 
3 B03lo3f9 M^S*i, ZnSz Sei-z ^SgidJ: 

[0 0 2 8] wOWjfclwfcl^T. mii3j:t5^2 0^7 
y KB 1 l*3J:t5l 2^r»St5Z nx Mgi-x Sy S 
50 ei-v (7)aj«tt»:OJ:5lw3B3esn5o Ga 



5 

A s£«l fctt-T-R^-raZnx Mgi-x Sy Sei-Y 

[0 0 2 9] 3\ mi&£Tfm2<D?7y Kg 1 1*3 A 
(512^ GaAsi:I^U ^o7 7KW/^K^ 
-f^d*. 3. OeV (^itT-2. 9eV) CDZnMg 
SSeiaoTMtSS^It -*:£>Znx Mgi-x 
Sy Sei-y (OmtiZK. AH 3 1 x x = 0 . 8 8, 
*»3 1yWy = 0. 2 0tife6:iW!3, :<D 

fSl &£TfiWS2<D#7<y KSl 1*5 AtM 2fi % 
Z no. 88Mgo. 12 So. 20 S eo. so ClilS^ & ;ft,5o 

[0 0 3 0] :^)Zni Mgi-x Sy Sei-Y \C£Z>? 
7 Zn, Mg, ZnS, S e (D&ffi. 

^irA^fflv^axSs nM l <Dt 7 y KB 1 1 <£>^ 
tr#^i/^/u**fc*5ir^T«:, Z n C 1 2 flt*5Hr 

[0 0 3 1 ] fi^#F»ig<3fiH£ffl«3 ^WgS 3 B 
11, ^ ^.IfiilOl 10^77 Kl 1 1 t7 
/H5fc:&i~£> Zno.88Mgo.i2So.2oSeo. 80<£>MB E IC 

/uotfcj&SrfltitU Zn, ZnS, Se, #W»-fe/ufc 

i^SStt^rft^ ritpI^Zn So. 20 S eo. eo t LTJ£ 

SiOZnA Cdi-A Sb Sei-B fi, Zn, ZnS, S 

[0 0 3 2] w^S^F«^ett««3»C*5^T, 

-t ^ s^#fji 3 w<DEffim&& a xtmrnm 3 b iz a 5 
**l«xte (is 2) (r*tet>mnB (ss 

1) ) . (»3) 33A0 1 (ft4) laot^^tl^ 
[0 0 3 3] 

[$C2] £=£W /fB =- UAaHn/aS X Lwn } 
/ (2 A a Bn/ a S X LBn } 
[0 0 3 4] 

[fe3] A a»n/as = (a»n - as ) /as 
[0 0 3 5] 

[!&4] AaBn/as = (aBn-as ) /as 

[0036] 

awn : mnmcom+x^mnfe+mm aB n : mnmv 
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Lwn : fgnH<DS;*#FBOJiE£ Lsn : §gn/§<7) 
as :SffiO»*Jt» 

[0 0 3 7] fi^FB^S^SKJtU WffiBOS^ 

*Sr**Lfcttefctt, (»1) , (»2) l£*3^T0 

< £ < 1 l< £ i&tt 

i-fcfr a ictt £* /£B t-rttfifti\ 

[0 0 3 8] 3\ &^#Fjl3W<h It, ZnA Cd 
i0 i-A Sb Sei-B l^jo^T. B = 0i:t5ZnA Cd 

— !F-CW:. C dcoM^A^^c? Lw dSSE^aS^-ipffi^fe 

Kft«tlfX = 4 9 0nmfr#5Ctt, A=0. 25, 

lw =3 oAicKS-r^tfAt^-e. rot*. 

Kfl«*ffijeLTtt^fi£\«A a /a l:lt+2. 1% 
irftfi. — z = 0. 20(DZnSz Set-z RSJI 
3B<D§|o«9i!**£B ttx H*l:Sl^5)-0. 6 5 
20 %kt£2>o ^U-C, *^#F«itfcAS»tt«e3<D* 
^#Fg$Cn = 5-C^5i:-r5 (* 1 ) **<bLe = 
l 2 o AkteZo 

[0 0 3 9] 





te^sra (A) 


Z n S e 


5.6 6 8 


ZnS 


5.4 0 9 


Cd S e 


6.0 7 7 


G a A s 


5. 6 5 3 



[0 0 4 0] ft, ±3£Lfc*»IB«#fc*3^Ttt, *<0 

K-tT^^SrfTfcTlw, 4l3Wi3i:t;3B^Itt. 
m<D'<ls h**-7±iy MiZ n S e SrSSflfca 2 T-^£*L 

«IS^-^TI±^^>'K»it%^-ri, 0 4 (75 Apt-* 
5, ^ot, pi(OZnMgSSe«i^ftAStl5]E 

[0 0 4 1] 
[*2] 



30 
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(5) 

7 8 



1#B8^8- 18 16 1 







AE C /AE, 


AEv /AE, 


Zno. TsCdo. 24Se/ZnSe 
ZnSe/ZnSo- 2sSeo. ?s. 
ZnSe/Zno. e»Mgo. isSo. ?oS&o. eo 


7 8 
-6 
4 1 


2 2 
1 0 6 
5 9 



[0 0 4 2] wtbtw*fUT, ±M\.1t£o\^ ^^g^* 

SO^it K-e^L7t»j&£ Ufe^o«m^ 
(731I_b<7VO K^itSrEI 5 iw^-r o I2 5 t^is^Tfi^^ 

nMgSS emfrbm\£tiz>iEiLhiztt-tz>mmm3 

[0 0 4 3] ±JELfcJ:5tc. **M-ett. fiHS««3 

[0 0 4 4] H-6lwtt*«98JwJ:S^frl856*-?-Ote 
^>j|lfiffil"C*>5SCH*l3t (Separated Confinment str 
ucture) ^N»(*u~1f<D«lS»rffiH«r^-r o E!6^*3i> 30 
Ttt, #J?Ltfnli^g«l-L{w, /<y7ri2, Sio 
Ml «>*f-f KB 2 1 , «T-#F»3t«w 
«fc£*£t£ffl%3. S2 0^ KB 2 2. R20^?y K 
112,3^^ hJE4SrW«feig«»^«^fiMBEH. 
J:oTxtf^^i<t/VfiSfit5, tit, =*>**hB 

[0 0 4 5] « 1*5 J: 0^*2 0^ KB 2 Ii3j:t5 2 2 
11, *Jx*ttnffldaJ:tf pfiOZ n S c S ei-c (0^ 
C< 1) ir*5T-#S e 40 

[0 0 4 6] gfil, ^<777i2, S5l*5j:tfS2<D 

«3, =>-^^ h»4, «S5*5j:t56tt«rSliODH«| 
[0 0 4 7] JiSEODH*3S*3«fc0 5 SCH»ie i l t 
SB -Cft* $ SM^Z n S S e »ft*tt^«*«rffi^ 

sctm©. smc^-ai, maa* #4 kbo 50 



Sfidc«:6%fcU »SIB<BSttJSMrl 9%tr*. . 
[0 0 4 8] #4 KBttB8lw^-TJ:5tw, pfcij 

tn«fS4SIStUt)J:^o EI8lc^:-rJ: pic. 
KB*jE?LtwtoT^yTfcJte5p«-eW<. nfllJ 

flt*s*«Bfc*S. EJ 8 icis^-ai, «*.tfpfl(^f-< KB 
*3J:tfn«;tf<f Ki©JIStWfii6 0 A*5J:t;i 0 
0 A £ Ufco 

[0 0 4 9] SkTlZftmn S C Hfliig¥»# 

[0 0 5 0] (^ffi^I 1 ) Hffi09 1*1, 121 6 \zijk Lfc S 
CH«HS***^— EE»2i^*^#FB 3 
Wfl v iSn = 3(OZno.78Cdo.22Se (am-3 = 
5. 7 5 8A) ICfcoTttfiRU tO«LiM = 50 
AfcU*:. Bttn = 2ft>5l<3K9S34*BB3B 

II, Z n So. io S eo. si (aBi-2=5. 6 3 4 A) iC«t 
otfjJU ^£>jp:£ Lbi-2=9 OAi Lfc. SttllC 
(1G a A s (as = 5. 6 5 3 A) SrBb^. w<DBf<D 
±^fi £ = 1 . 5 3T-fcoyte r.^HJg^|i O^W**: 
U— iFfl, 1 mWi056aiATt^V^TS6ft 5 0 8 nmT' 

[0 0 5 1 ] (IHfiW 2) HSfll 2 — iFfl, 

«B^«s*f^^fcfftttiiifi«i w 

CT's JE)|©^^ST-#Fii*lZ no. 75 C do. 25 S e (a 
m-3 = 5. 7 7 OA) IlioTML, £ Lwi -3 

-4 0 A«b L7tc §|o»9ffi^W«B»lZ n S 

o.iBSeo.eil:J:oT*J*U ^(OmZ L = 8 8 At L 
fco e 1 . 4 2tfcot rco^ 

HfiW2(Oi|£*«cu-1?fl, 1 mWOJtffl^Ttwfe^-Cjffi 
151 3nxn-C2«MBl 6 ^©Sffl5ittaSfidS|iaU. 
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[0052] m3\z. mmm3^>i otsxxfuci&Mi- 

»J4, GuhaibOAppI ied Physics Letters Vol.63 No. 23 
1993 iCTjkZtiZX?^ H6l:^tfcS CH*KS¥* 
* i/-fOtffi 5 CD***? 9 tc3t4r3ia^-5SS^»v^ 

Lfcfc<&«rJBt>fc 0 ft, *Jfi«3-5-ett, 
»-&T-#F»i£. HJSW 6 - 1 0 is J: fcfc«0« 1 ~~ 6 
WZnS: Set-z BII<7)z = 0. 0 6 t U Ga 
A s StRtwte^fi^-r* «fc 5 Kflt/SLfco 
*fc£0. 6 A/ cm 2 "C?3 0iMi««* 2 A/ c m 2 

*t£ X o fc, e £ 1 . 5 5 z>»£\ Bf«l^f*r5 

3 3-9 A mSS(73BSiRdSa*gFn 

So 

[0 0 5 3] 
[^3] 



(6) ^gfisps-l 8 16 1 

/0 



70 



20 









^2&$9 3 


0. 3 6 9 


1 


4 


Q. 5 3 4 


1 


5 


0. 5 9 4 


1 


6 


n n a a 

0. 9 A 4 


1 


•7 
X 


i n *7 *7 

1.0 7 7 




Q 
O 


1.1 4 o 


n 
2 




t 1 o o 

L 1 8 8 


2 


1 0 


L 3 0 1 


3 


1 1 


1. 3 1 8 


2 


1 2 


1. 3 4 2 


2 


1 3 


1. 4 6 4 


3 


1 4 


1,4 0 0 


3 


ibRffU 1 


L 5-9 2 


4 


2 


1. 6 2 8 


4 


3 


2.1 0 9 


4 


4 


2.17 2 


5 


5 


2. 1 0 1 


5 


6 


2. 4 9 5 


4 



[oo5 4] ±mn£$\z. s *amzxs¥mt*Kytm 

[0 0 5 5] *»EttJd^lBfi«l::lSe>?\ 

5. #J;Ltf, iffiliLtGaAsMl:ZnSeS:l 
v^it*!tf5, &|giai**3!H:p2!& Lt 

t>J:i/\ IE?Lhlw*)-r5WSJS3B<i0^y T*Sfo 

[0 0 5 6] 

[&Vi<D%)%:] ±i2BUJtJ: &?&m=.Jitu£^ II- 

Fi^I Oi^ft * BJMHVKlM RR $ Hi* 3E5>± tti: 

03t»H!taj{>«ras^fT5Ci:* J -C#5. Sot, 
^^^i^^^UHWro^^^SixS 1 1 -VI SHU'S- 

#F«iflwJav>T, S^S^-HFJISfcttBtg/flcpl! 

50 m®^<njETWmMzttlsX'<}) TbttZ^fl'*—* 



(7) 



4#M¥8-1 8 16 1 
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[EI 2] *:«0J^J:6^«ft:^*^^-^J^ett«S«c 

[12 3] GaAsiSICfe+I^t^Znx Mgi-x S 
y Sei-y (Dx&Xtfy i/<yK^t^/i:0§iM^ 

Ii4] KgtS 
[06] **^tcJ:5^fr»3te*^OflfeoWo«lSBr 



70 
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[El 7] ♦JBW^iSaMUmafc*^^?^ KJ§i# 

7&mxfoz> 0 

las] *mw\c£%*m#:3&ytm*<D? v * h m m t*r 
<< vmttt&wmm^±%f£&&m<»'-w<o^is k« 

1 Sffi 

3 &»1£«c 
3W S^#FJI 
3B BSJI 

11 mi<02yy Kg 

12 S20^7^Ki 

2 1 Sg 1 (Dtf-f Kg 

2 2 %%<r>a^Ym 



[Ell] 



[02] 



7ZZZZZZZZZZZ1 



*5«* 

<P-ZoTe/ZnSe> 
-3«m«tf 

(n-ZnSe/n-CiAB) 



X 3 * 
>-3W 
3B«m 

1 K ■ 



[03] 



14] 



(eV) 



2.B 2d 3.0 3.1 




OA 0.2 03 OA 



A Eg (eV) 

[Sff(ZnMffSSc>-Es<ZoSe» 



p-ZnUgSSe 
C«20>? ? » K«) 



• ts««ur 



Ev- 



-3B 



hJEfl. 



-7- 



(8) 



1 8 16 1 



P-ZnKUSSe . 



[1215] 



3W 



-3B 



= ^< Kl 



!7] 



[06] 



-5 m* 

-22*2*><M 
-21»i<&asr-r f» 

(n-ZnSe/t-CiiAa) 
-1ia(n-C&A8) 



[IU8] 



ZnWStgiif XnSao« S» 0.9**4 Kl 

7 ' / 



Qj 



^ -^72Zn 



pS 



>< 72 



LLT 



Saw Sean 



ntt 

Zn5aoK5*o.»t 



60A tooA 



-8- 



